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(57) Abstract: A thin film piezoelectric device in- 
cludes a substrate (12) having a via hole (22) and 
a piezoelectric laminated structure (14) consisting 
of a lower electrode (15), a piezoelectric film (16), 
and an upper electrode (17) formed on the substrate 
(12) via an insulation layer (13). A plurality of thin 
film piezoelectric oscillators (210, 220) are formed 
for the via hole (22). The piezoelectric laminated 
structure (14) includes a diaphragm (23) located to 
face the via hole (22) and a support area other than it. 
The thin film piezoelectric oscillators (210, 220) are 
electrically connected by the lower electrode (15). 
When the straight line in the substrate plane passing 
through the centers (1, 2) of the diaphragm (23) of 
the thin film piezoelectric oscillators (210, 220) has 
the length Dl of the segment passing through the 
support area and the distance between the centers of 
the diaphragms of the thin film piezoelectric oscil- 
lators (210, 220) is DO, the ratio D1/D0 is 0.1 to 0.5. 
The via hole (22) is formed by the deep graving type 
reactive ion etching method. 
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*mmj&nx\z. Deep r i Emvmmiz&v, mmi 2<d—w m^\tT 
m) ^e>*fft® (mz.\£±.-m) ^m^xmrn.^^- A-*iTt:7^-;i/2 2 
(Dmm.mm}$.t£nT^z> 0 akut, ^i&£H<hbT<DEr*-;i/2 2{cTgi$m 
hi 5 ttfemmfam 1 3 bfe»T^^^-r 777A23 ot^titTi 

mmz&misntm<o&5mmj£m&Mm2 1 0^2 200^77^23© 
mmv&5mmi£m&M$&<D^T77&^>bmmmD o <h©it«> i/d o £/jn 

$<T§-i:^Tf5 (HI 1 AlkZSM 1 B#flf) » ^J£«^ig^ 2 1 0 Rtf 2 2 
0©tft«»l»lttT**Sl 5&^bTff*?n*. «^^^$n»D^-5^ 
KEi^iff 2 1 0 1 2 3 0 iOHfffc^HTfcra^ftS. tt&Wte&Jft 
$nfcPD^3^MJE**ig^2 2 0£2 4 0 £©WfMCtH>Tfcl3#T?i&*a^ 

2Mdfi^l6©lilllEE«5*/t-rxtt, 9in£tt^cS»2 10^220 £&it?!l&lft 
U Cin6k:»bT-tn*ni»«EE«^i§i2 3 0 £ 2 4 0 £S#J$S8RbT&:£ 

\z*®x-x' m^mm^m, ih2c«^-©y-y' «is:w»fiSBiT»s, znz 

iIElf;HX2 0 0ttFBAR2 10, FBAR2 2 0, FBAR2 3 0& 
iWBAR 2 4 OSJffi^.'&ii-SCliKl.kOf^SSnTViS,, FBAR2 2 0 teu 

*ifr*-;w2 2#»m&nfc*Ki 2, ssesagi 2 0±SCM^ 

tlfclfeWS 1 3 , 1 3 ©JiSlCTtfT*— ;P2 2 *£tc^xm 
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11 3teS$U 2©±U©tf7*-;i/2 2&ft<D&& <JE*f«l#iS# 1 

4ofc«)©^») izft$EVT&v), mnmmmmfci 4(D^mmt&tmu<D3m 

tfT*-;i/2 2CMJSr«^777A2 3 ©ffi#fc«5il*#JI 1 3^#£b&^ 

©-»tf«|fe*4Wil 3©±lSfci»UTV>*T«»Kl 5, &T8B*ffil 5 £® 5 «k 
5 bTWI 1 3 ©±]SfcJgM&£ttfcJEE*#Illt 1 6 fei^iJEiM 1 6 ©± 

®fc^$nfc±as««i 7»w5, rgi5«Mi 5©— ifetftii 3 

S^*r«dtJa:<» fcf7#— ;P2 2 fcfafrT*ttibT^S. £©Tg&*Sl5©® 
10 W*^*J;)tfJinfc»>SrsffiilK:^T*JE«^*Jt#:i 4 ©§&##*, WmW> 

^777A2 3fc*tJfei-S1B*rtfc^$nfc^#«l 5 a, 1 7 at, &£#BB 
15 a, 1 7 atffi©FBAR*fcW:^ai5igiSi©S8l*©fc»©SSK?aJl 5 b, 1 
7b§ft§. SHFNB51 5 b, 17 b^777A2 3\ZttJfc?Z>mW\*\zMZ$ 
15 TV>5. FBAR2 10, F BAR 2 3 O^ck^F B AR 2 4 0 ©f^tCO^T^ 

#mmm± ^xmrnr a z. t # a © , «mw n & « o a 

^Mffi«*iS^2 1 O&tf 2 2 0©^777A2 3©*"i> ( 2 #tgI$&MI#I$ 
20 M>b) lR.U2&m&M± (02At*fj-5X-X' ft) fc&WT, 

O'&^^BlEE^fiS©^ 2 3 Mfc#ffiTSjEE*SUB«Jfifr©^»«* 
fca3fiT**#0ft3D 1 tfel»0^5liJI!im«*tBS©^'rT77A4 , ^KfiB«l 
D0t©it*Dl/D0*/h$<-r§Jlt*tT#S (0 2 AM2 B#!&) . ?¥ 
WE*#ig«2 10W2 2 0«li™il 5^^LTff^n^)o « 
25 *»fcSBttSnfcl»t)^5*llltBE«*lB»2 1 0 «h 2 3 0 fc©H«tO^Tt>PI« 
T&& 0 £7c, «»WKl»itt$nfc»D'&'5?»ilffi«*«»2 2 0 £ 2 4 0 <h©M 

*^Jfi^S8©»JBijaE«5 s ; , ?-f ^tt, M&BE*#tBS§2 1 0 <h 2 2 0 
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HI 3 ARtf 0 3 B Kite, fc^SfHHEWTWf fcBij0HJ6^H*« 

IIElfAMX2 0 0ttFBAR2 10, FBAR 2 2 0, FBAR2 3 0, 
F BAR 2 4 035<fctfFBAR2 5 0 £M<^-£1±3 £ t Kcfc DfMSttWS. F 
10 BAR2 2 0J1 iM 1 2 ©±®fcM^nfclfei#:l 1 3 , *5j;tf 

1 4 a, i 3 <D±w\zmf&znrc~FWwm is. KTsras 1 5 «fc 

5 bTftft#« 1 3 ©_b® »C^^$nfcffi«*IBE 1 6 cfe J;tlfKJE*#JlSI 16©± 
15 -;i/2 2^fW£>nW3o tf&itffcJI 1 3 SBtttf77h-;i/2 2 ^(RjtfTffiffib 

W777A2 3tC*f>S-rSfi«l*ltc:^$nfc^gPl 5at, 1 5 

20 1 5bW777A2 3tettJfrt-££#^fc®tfTtr>£. #5(MteBIBTKk _hgP 
1117(1 ^10ili;i7Ai:«2©IIIg|!l7B^6!5:5. dn&ttS^ 
17 A, 17B^n-6tliMl7Aa, UBaiCTl 7Ab, 17Bb 
tZmrZo ±^17Aa, 1 7 B att^777A2 3l:Mt§i^Ht 
gbT*5D, i^MHAa, 1 7Bai:i©FBARSfc^Wt©iii 

25 ©fcfcCDSH^fflS 1 7Ab, 1 7BbS^777A2 3 KZ^fcTS^Wfl-teMtfT 

111 3 A%.um 3 b ©sdis^iRfcjft-r 2m<Dnm&fr*>tez>±ffinm&mttF b 

AR2 2 0H ^a^E— H*JgStn?Jin«t>©T»0, ±MMMn <do%<d— 
■%<DmWffi, (fR«I2©tMl7B) tTSPMl 5t©Hllc:A*«flES:^Jn 
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u -tunm 1 1 (Do%<DW5<Dmmn> wz.\*m i ©«@$b ha) tTOms 

1 5<b©rp1©mj££lti|©FBAR2 1 0^©ffi73«JE£LTte»£itS 

3©T, FBAR2 2 0 S#^7>f l/r©*flB&3SJB*r*.. £©£-5&4ft 

5 p«gEi»*#»Tff*©Tr, REfcfcjeH-rsa***^, &il#«©«&*hs:j&*& 

5^MEE«*ig§ff2 1 0R^2 2 0©^777A2 3©*'i> (2#7cW&llfa# 
10 Wfi'W lRtX2&JB^ia«l± (03 Afc^tj-SX-X* ft) fc*V>T, 

liD -d5 «KJBE«#dS«© ^777A2 3fl \Zft&.? § J£ffIiM©5tt 
tt&jt3fi-r5i»#©S£D 1 tttWD^aWHUffi^^iSS©^ 777A* fcMIE 
I«ID0t©Jt2p:Dl/D0*/hS<-rSJl.t*« , r#S (El 3 AHz.Z$W\ 3 B#M) o 

n§m\zfflfct£nfcmv&5nmj£*&m&2 10^240 tvM&mtmmmz 

o ««WKlS8«Snfcl»t)'&5l»JDlEE«*dB»2 1 0 <h 2 3 0 £©M^Rtf 

«»«!K:»«*nfelllt)'&'5»ilJE«*«»2 2 0 £2 5 0 £©W&fcOV>T*>|!f| 

*HlfiOf)iJEST/HX«, «HfcEE*#«&2 1 0 «h 2 2 0 ££tE?iJJg^ 
20 U Cin6fc»bT*n*n*l»EE«*d»2 3 0t2 4 0fc2 5 Ofc&^KSEI* 

*3&m<DWtiZB&i7 s rt'( xommi 2ium ^un> do o) 

©2M$##&il> 'J a >7xa-/5; if©SMl®H^ > F^: t*©# W 

rie (mmvMKm^ t>i>y5 : >^ giaotM^wts^T 
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5 0/im©i«m^777A2 3 =£r|W|^©T®#Jx^^>^llP^ 2 

2 0, 2 3 or^2 4 oMic:«2 5 o m^^x^m^n^mmmm^n^ X 2 

te, tfT^-;i/2 2fcJ;^)t)©^«|5RS$n^ ilg^§^777A2 30 

fclfrll 3i:UTll tfty'J3> (S i 0 2 ) ^fdm^U3> (S i 3 
N 4 SfcteS iN x ) 

te&mnfcmvmt isTfe, mm(omih^^^> (s io 2 ) mtmt^^^> ( 
s i 3 n 4 sfc^s i n x ) m£&mmvrc%<DtfM^ztiz> 0 mm^mi 3<dm 

MXitO. 2~1. Oj^mta&S. l&SWJfl 3<D^J&7j&£UTte, >"J 
n>7^<b&&Mn 2<DglII£#*fb?- §7j^CVD (Chemical Va 
por Deposition) m^m^tl^. P-f T7 7 ASBfc#« 

TSBttffil 5£>J;tK±gimill 7 tlTH ^EU^> (Mo) > ^>^7^> 

(w) . m& (pt) , & (au) f££<Dmnm&m^z>z£&-?%z, 0 mo»i 
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#teS£c#A 1 (Dm 1 / 5 6 #^M&T«H-3^MB£4fi/& 

Mo^fcTOfdiP t^fc«Au W> (Ti) , (Zr), ^ 

5 DA (Cr) fe^©*JtA*lRj±**STll!lJi (?B*JS) t*8UBbfc««S«ffl 
-T^Cl<hfepIfgT$.^o Mo/TiStJBHSI, W/TiilE Mo/Zr 

HE Pt/TiflE Au/TitlE Au/Cr«Wt&£ftffl^5il 
T3&«ffil 5 35«fctf-LfiB«ffil 7 0-2 5 0 nm 

ijb7;^-^A (A IN) , SfcT;^— #A-£-fb#U£7 
(Al,_ x Ga x N (fib, 0<x<l) ) , MitM®! (ZnO) , ^ 
>M$I (PT (PbT i O s ) ) , 79>n&)Vn>n& (PZT (Pb (Zr, 

15 Ti) o 3 ) ) teafrzm\*n%!£mttm*£mft£?'%j£mfomfr*>tz%o 

T)\,*-V&-&fctfVV&%kmmfa (Al,. x Ga x N) , mitwm (ZnO) «k 

Df$,%j£nnmz, ^n^ncWSEft^jfcu xitm^^^Dsu^b/t (ooo 

2) m<Dm&r¥—?<DUy*>?f • #-:/*NMl (FWHM) te»> 0 Dy^>^ 
. ^-^{jttjii (FWHM) <&th BBlRHfeW£~rr5£» «&BG*ft*g*&lft 

•Vfc < , &S«KM£j&*«tf bf * fc[R] K * § o JEE«#IR 16 0j|$li mtfO. 5 ~ 

7 ? ^ H£«a*jtffl $ ns . 

(D&mfittvf&tiT^Zo m4A^m4B<Dmmmm^^7,2 o okfbar 

210, F BAR 2 2 0, F BAR 2 3 0, FBAR2 4 0*±^FBAR2 5 0 
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5 £ k. \Z £ D ffs» $ nx £ . 

5' ^5f*18tffi«*M©+^MB«D0 t©jfc*Dl/D03ft«0. 1~0. 5 
Rtfig4B©?Mffi«5VW;*2 0 0 {d&WT, 

D 0=D 1 +D 2 +D 3 

15 meit&d, bis B^ j e-(D^-rr^^A^©#mfHS:^'rraEix^5o zn^oi 

oraM^t&nt^S. El 5 ASU^l 5 BCDnmSMrrn^T. 2 0 0 «FBAR 
210, FBAR2 2 0, FBAR2 3 0*J;^FBAR2 4 0&ii^f SUt 

tsi&MmjiE&mtfznzo m 5 ar^h 5 b ©wbum^a-t x 2 0 0 \t> 23$ 

23 



WO 2004/001964 




•CT/JP2003/007857 



D0=D1+D2+D3 

5 El 4 AR.Z$m 4 BMtffcEl 5 AROqH 5 B ^i^tcnmsMrfn^ ^ommmm 

\Z^X. FBAR2 2 0H ^©±®^^$nfeffil|^1^3t# 1 4 

3o mm^sm^ 1 4«, ^#:e(D±®^^^nfeT^tt@i 5, mrsm 

mi 6 (D±miz : m^nrc±^mmi i^mxx^o mtc, r^nmi 5&&zs 
io ±stsi 7\^^yy^^\zn^^mM.n\zw^ntz.^w^i 5 a> na 

<h, te#3Gl 5 a, 17 a tifecDFBAR^fe^gBlHl^^^gi^TiS?)©^ 
§&15tK 1 7 b£Wr&o 5 b, 17b«^777A}:MT^ 

mzmxSX^^o FBAR210, F BAR 2 3 0, FBAR2 4 O^il^FBA 

r 2 5 o <Dmmz-z>^x%mwv$>^o 

15 EI5 AM5B}^LfeFBAR2 1 0, FBAR2 2 0, FBAR2 3 043 

^FBAR2 4o^it§j;5^ umn^m^r^y^ 77 ^ ^©to 
t1MW2^©^27^^^^ ^-tt^^a 

20 JEE^T* X (DmU^±^r 

m 9 *mmz£%mm&m, ; T/u e. ^ij©n»M^^rm^sff® 
£W-r & w \z urn— <D&mwtf znx^z, 
25 ^Tz>j£mmmmmfe&tim7Lrcs b ar 210' #^2 2 0 * ^wrs 0 bp^, 

»#:I13±I:TW15, W.KD&M.feWkl 6-1, «il7' , ^2© 
JE*#:mi 6 - 2&^±gB«Hl 8mz\<DM\zmm^nX^^o «I17' « 
, Sfl 1 <DJ£Mfcm 16-1 i:^t?>±g|5iIibT(DiigtI 2 ©JItfl 16- 
2}C^T^>T^«S<i:UT©M<i:^Wr§, :£§£;!«l>-m, 6-SBAR&~£>^ 
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T\ Tg&ttH 1 5 £&«±*»ttffi 1 8 htotimm 1 7 ' £<Dm\ZAtin&&WlIQls 

5 SB AR 210' £220' ttt, TMH 5 S^bT«aCWfcSM*£nTV> 
±g&Ml 8Sfcft«ll 7' ^LTS BAR 2 10' £2 2 0' <h£ 

*&Wfcjg$rr s - £ *> «5Jire&&o 

afr^afi^tgte^ViT*), «ftWK:SN*Snfcl»t) < &'5 SBAR©^777A2 

io ji«jfifr©^#fi**»a'r*»^©«*D i t&mv&v sbarcdww 

D 0 t<DitmD 1/D 0^0. 1-0. 5t^J;5/j;fil(:I»SBAR^ 

k t 2 = d> r/Tan (<f> r) 
<f> r = (tc/2) (fr/fa) 

20 k t 2 =4. 8 (fa-f r) / (f a+f r) 

ffitt, £0^£JBVvr3rfflbfcfc0&^bWS. 

:fcfg9f#S>te> ®1A~01C 02A-02C, HI 3 AlkZSM 3 B , 04A 
l&Z$m 4B, HI 5 AMI 5 B , MtffclEI 9 \Z^tm^(OW&iEEM^/^ X 
25 T, ■£©«rtt, t£fg/^\ »ifflT/t^«f^FBAR, SBAROiE 

£^b < <f£MT€\ ^Jg#tt©a»^*lft®©*JI^**SS*i««*K:*«l{bb 
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^HU<^^MIr1^*^c £fc> J?A4ft£:te3. 0 dBOTT&S££;^$?£bV> 
„ jf 3 . 0dB^§t7^M — #tt*^F b < b , SJBSfttT?tt 

ffl f £ 7 W ;V ^ - £ b TUffl 3 £ £ b < & Z> ffiffi id & £ o 

10 

[afe»J 1 1 

15 myj )]s?—*fcMi>tco 

Wt>. 7* hUV^97^— fcJ:0, W$ 2 5 0 nm0 (10 0) S illl 2 
Tf1£l 4 0X 1 6 0 Mm^om^^ifi^TB^WS^^^Tct^fc, -£©JS 

20 ^dcbfc. ^-f^t^D, i«©±TMSi:)?§i. o/imos i o 2 mzmfc 

bfcm, rh7l^»7> (Si (O (C 2 H 5 ) 4 ) ^(Iffl^fciCV 
Dfefc«fc?K 4 5 0TCT^£_h®K:Jf££ 3. 5 iimO S i O 2 Jf£i«£i±> 10 

0 otrcr— -;Pb&. #cfc, i»fcffl^^£^tt*9U-&fl!v*T, cmp ( 

Chemical Mechanical Polishing) I»iOS 
25 «±®<£>S i 0 2 m&fflmisT. m&*S i 0 2 /■TJS8&fc®?r£JW©S i o 2 Jl 

^r^ic^b, ^s&^bitW© s isra^»®^sm-r^^T©^®^t 

bfc. W0^WlifJ£<£>RMS^Kj#U OnmTfeot S®fc®tBbfeS i 0 2 
bT* S iltCitBbfcM^O. 3tfmS£l>^>^ 
bfctfe* DC?if*hU>Xrty?—mz&Q* Ti^II (^*S) *S«fctfMo 
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m<nwmzn?->fc\s~Z, Mo/T i T§B®Hl 5 &7#/&Lfc 0 i^OFBAR 
OTaitll 5©a£#:g|51 5 ate, 4 0X 1 6 0 iim<D5? <777AJ; 

o&JS«a* (l l 0) B3lRlB«p-fe*-ElRlJttTf**c:fctt, X»lHF»f«3efc«fc 
Kbfc. ^©Mo/T iTSHtil 5Sf^bfcSfil 211:, MS5N©MA 

io sxy?>mo, a i nm&iftfevmmz.rtf—yfcvx. aineimi 

, @2A~H2CtSt"^<« it#IIIIi&fci:»£ 0 . 18 0jtznu gttm&ttJVS 
0 . 2 0 9 m mT% 17a #^-T 777A<k D fe&STi 5 m mg^/J^te^ 

^V^t«tCOMoJL^@l 7£^bfco ±SBSffil 7©£#&1 7 att, 

15 «S£#8B 15a fc^JfcT£&«£B2fiUfc. 

&±0ck5K:bTJE«fcJB«i&#l 4&^bfc3feKl 2©TI©S i 0 2 
, y* h'J V^57^- £«fcO, ±®OS i0 2 7X7C^bfcM©f^{:/^ 
^->ftbfcc -7-r^D-7^>JPXffl7* M/-^ h (MicroChe 

m CorpiNANO SU-8^1/'7XH Sitl/T, 7*hUV^7 7 

20 ^-taOTiS i0 2 ^©Vv^X £7^/&bfc 0 77^^ 

EMfcb&iEKl 2$Deep R I E (SUB 0 SlEJfctt'f ^>Xy 5^>^) ttM<D 
F^-fXy^^StCgAU, gf«SF 6 #X<hC 4 F 8 ^7t^5t 

& a b xx «/ 5 1 > ^ t flu^sBK^^ t&mvfeist£ 0 mmm t mmvx. y > 9 
mmit^mmv, m&&PLmomm.'v^y ! ?>#&m-}2>z.£fr&Q. tsmmsi 

25 5^tfX7jN— ;P2 2 fcSfcBf S**rxy^>^ilPX*ff ot, fillSM&SittitT 
fc^V^tt^CDbfT*— ;i/2 2 IffiLfe. ^777A2 3iStT 

$n7cpo^-o 2 rDonmsM^mmom^^Ty^ Ao^'fr^Mirr-sit^ 
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<h©J£^D 1/D 0 ©{fite, 0. 18T&ofc 0 £©Jt 

$di/do <£>{gte, i ikd^mw^^^ ntzm K)-&omm&m&m& 

^^Tfcit^D 1/D 0©{itteO. 18-0. 3(E>j&fflftT$>o£:o £T© 
kfT^-;KD#JMM©^-A°"^«> Sfe±M^bT8 0~1 0 0° ©$gffl[*]T 

y72h*-?-mz£%AiNmm<D% t : ?femmt (0002) ®m¥-?<D 

Uy*>?f • (FWHM) fflU^^fTofCo A 1 Ni*M^^'t4(DM 
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k t 2 =<f> r/Tan (<*> r) 
<f> r = U/2) (fr/fa) 

k t 2 =4. 8 (f a-f r) / (fa+f r) 
<fc *»Wfl«fR»Q tt* 2 t^fM Dt<&oL 
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5 jh^MS*^ 2 fc^i-M 
(JfeW>J2] 

io mo^ii &nmm) ^z\(omm\z^mv, m iizmmi> fc.ttntmt£&^-?% 

M o / P t /T i TSPtS 1 5 §f fil bfe C t , ±UnmhVX. Ti&Jgjf 

mm) &&z$Moi&mm (^.mmm) ££«i#tjMu minzmM.vtz.ttmt 

J?$^ft§Mo/Ti±^«Sl7MUc^^ &&Z$Deep RIEC 

ft^il^^^TfcJt^D 1/D OCDtftteO. 18~0. 3©Ii^ofco S 
20 tc. ^XO\dT^—)V<Dmmm(D^—^-M\t, 1I±B^UT8 0-1 0 0° 

±m<Dj:m\z^'Dxmm^nrc, 0 2©m ({il, ^777A2 3^i) 
mmm^mhx, mmmi twiniz, ^j??? h*-?-mz&z>A 1 Nmm 

25 <D|&^»JJ^£: (0 0 0 2) UliFf ^OOy^ • #-:73MtlB (FWHM 
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«fc WittMSftW* 2 D Tab o fc„ 

IP^, S&gMb&£«k9, Jf$2 5 0MmO (10 0) S i 1 2 CD±TM®(C 
J¥£ 1. 2 AimOS i 0 2 B£l 1 0 OttMb^ ±®#J©S i O z Jf 
5lyf>^U, ±®<DS i 0 2 Jl©J3$&WigU S i 0 2 ^e>^D> ^1 \Z 

mm.<Dmzm&i%-Tz>mmfami 3SMifc 0 :©iei#ii3 0±si:, dc 

15 7^hD>X/1y^-SH«kO> Ti^II (^*JS) , Au&Sjf WmM) 
fS©fttt/^->^UT, Mo/Au/TiTMil 5§MUc. T£B 

mmi 5©^#:gBi 5 & \tmm\zi&^^tvit. Mo&mm& (no) sbirjbi 

20 5 &mf$Vtt1tfm#m l 3_L£, *fijg5 NO&JRA l S^-^y hibTSJfcttR 

A 1 NJEftttfWKSJgjfcbfc. »«SI£«ffll/&lSiyf>^l:j:t), A1NI 
^Of^C/^->ftbTA 1 NffilMl 6SfjSUfc. DC?? 

25 ttff $ 0 . 1 9 0 Mm, #g&®l&TkJ:ff£ 0 . 2 2 5 /imT, 1 7 a CDTO 

SIS 2 3, OOOfim 2 M^©^fcifiV>7^©Mo±g&«41 1 7SMlfc. _h 
ffinm 1 7 <D=£#:gB 17aH TfflWKEttffi 15a fc^JfcTSteMfcfiJftLfc:. 
^Ji0«k5fcbTJEE^/i$jfi#:l 4£7#/£Lfcg&l 2©TSOS i 0 2 H 
7* HJ V^77^-fcJ:D, ±8H«£#gBl 7 a ^^b^m^r^C 
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A^->ftbfc. ^^n-7y>jDIffl7th^Xh (MicroCh 

em CorplNANO SU-8^1/yXh) §IfLT, ^^hUV^^ 
7^-^0TlS i0 2 TX^tlWl— ^©l/v^X h^X^^r^bfco 
£^J&bfcS1£l 2£De e p R I E (WDSS^t>X7f tfc# 

^Mmtb^M^b, ^ttfm©ilTXyf>^^lt§^<ttj;0 < TS&mM 
£#£1$ 1 5 a^tfT*— )12 2 (C®ffiT^>*TX^^>^PX^f oT, $Jit@£ 

^&S#!l<£>ffffBD l/DOtt, 0 . 19 T&ofco £©it^D 1/D0 ©fitte, 

m<DU<Dnn,mzmm^nrz.m^^omm£n^m^z^x^]tmD i/do© 

ffiteO. 18~0. 3C9^ISl*lT&^fco IkTCDET*— ;KD#JH®0^— 

15 A°-^«, »Lt®lC;ttLT8 0-1 0 0° <£ig|S!*re&^fco 

)v^-\z-d^x, mmmi tmm\z. a i Nmm<Dm^^wmvrc a m&m^ 
m i \ztft* 

20 7<if— sttffibT, mmmitmm\z. ^mm^x)^±^mmj£ny>ov 

2 tiTIDT^oL 

«fc tmJhtt«»l;fcm 2 C^-T® DT^oL 
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5 Mo (TZMM) /Au/VT8B*«1 5 S^Ufctt, d©Mo (T Z Mia 
&) /Au/VTSHIII 5 S^bfe«fe»#:JB 1 3±JC, SMRFY^hn 

#A-£te#U#A&0iS# (A 1 t _ x G a x N) »JK*^bfcHii, ±Wtb 
T. *HC|B*bfc*rHtffS**T*Mo (TZM^) JbfflMBffil 7&t1^1/ 
10 fcZt, $>£ZtDe e p R I E DM$n§ tfTtfc— 

MIHD 1/D0lt 0 . 2 0 Tfeo fee £©J«D 1/D0 ©ffite, RmWfc 1 11 

15 «»Wfc^$nfc»t)^5*Ite*^»K:oViT'fejt*D 1/D0©{it«0. 
18-0. 3CD*6HF*3T&o&. £T©tf7*— ^©HffiCf- ^Ite 

, *l£±®fc;kfbT8 0~1 0 0° ©ifflftT&ofco 

20 mi t^t. 

mk t 2 &&u^wm&n&&Qte%2\z^Tmio~efc-Df£o ra?^;^— © 

[^«50fl 5 ~ 7 ] 
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±111) &z<DMmzi&j&v, mi\z&m.vrctfntm-2%:tt2>Mo/Ai/ 

5 T i $fcftMo/Au/T i &5V*«Mo/T i j&>5&5TflMMB 1 5^^b7c 
±^I<htT> *HClB*l/fe*Wi:ff$**rr*Mo*fcttMo/T i 
fc&WZA 1 *^feS±^iil 7 ^Jjbfc^t, fc^Deep RIElIi 
t> n§ h7*-JKD¥II^tl^t^ 777A23 <Dm®L&%. 1 fcBEifc 

0. 24~0. 2 5T^ofco Z.<D)tm~D 1/DOOiltt, f^*W35: 1 SB.©« 

Wt'Sl^$nfclllt)^'5*Jlte«*^l8^V>T«bJt*D 1/D0©ltt0. 1 8 
~0. 3©$SHl*)T$>ofco Sfc, ^:T©tfT^-;i/CO#J|iMcD-x-A 0 -^«, * 
15 1S±ffil:^bT8 0~10 0° ©tB^ofc. 

±|B©I@fc«fcoTS«i£nfc!' E2(D^ (fit, ^777A2 3^1C 

#7^- F • •7<^Df77iT-f^n^7 t a-A-t^7h7-77t 
20 *850»J 3 «H^lHlK«fc0fifcS±IEf|t»E*7>f;i/ 

— &mmmk\z-# 3 1 tg^ifei:^^ 3 2 £©m©»wt;--*w« 
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^il^^ft^, ^ 7 y7J*W&&mm<o 5 A^fc bfc d t. \z «k 

[§«0!I8] 

*C:cD«#fc^b, *lJClB*bfcWKt»****r*Au/T iTffifWl 5 
SMl/fcCt, Au/T iT^ill ^^m^fzMBWmx 3±\Z, ZnO£ 

fB*tbfcJ»££WT£ 2^<D«ffigBl 7 A, 17 B^5feSAu±i«Sl 7 
^bfe^<h, ^Deep R I EfciOM^n^k'T^KDWMCS 

15 1/DOH 0. 20T^of;, £©JfcsfcD 1 /D 0 ©fcWu ftWilll©!^ 

w ksbrs nfciB o 5 fcuftEm^&fc:^ © ©Tab § 

tg^^tlfciD^^IIijEt^tO^TfeJt^D 1/D 0 ©ffl^O . 1 8~ 

±S}:flT8 0~10 0° ©^fflftT&^fco 
20 ±BE©Igfc«fcoTSM&S*i;fc:, HI 3 ©ttHtO^SHUKJ: t)^**I»EE«7W 
;i^-KTO^T, ^«*J3£Mlfc, AlN»^tt©Mbfc. fNffi^Sr 
^ 1 fc^t. 
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5 fiP"fe, ft»rttfisfc«kt)?Bj£bfcS i0 2 m\Z.tt?LT. ^E/zy^y (S i H 4 ) 

tekury^—y (nh 3 ) ^^«fcLTffi^fe<gJEcvD^^«fco, sootT 

S i N x Jf £i£*fr*-frfc;i£, T^il©ittI^M o ^ & T Z MMKl^^* 

rii^Auji^pti:^!, mi\ztzmvrcttM£mis*m-r&Mo (tzm^ 
10 zM^jiici^T immm&m^T. ^i\zmm^rcunt.m^^mr^Mo < 

TZM^) /T i ±g&«@l 7 SJgjfck&Ci:, Deep R I Efc«fc 

«fc ^»jrjbe« * ©f bar ®S3^j s»-rangi&&> & 

15 ^S^MJE«^^;V^-S^b^:o #^»J(Z>Hu"iBD 1/D0H 0. 1 

BMRM^Z-D^Thik^D 1/D 0CD{fi«0. 18~0. 3 (D^fflftT&o fc, 
^:TCDtfT*:-;KZ)#M®cDx-A 0 — fttt, SlSJhSt^bT 8 0~1 0 0 
20 ° ©l£HF*3-e$»ofeo 

t, *iw3t^, a i NWKoiiifcttsffwiibfc. fMffi»***ifcw-r. 

25 AR0i«f 15 b, 1 7bM©^>£— ^>;M*tt£W£?"S£#fc, 
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5 [HJ60UO] 

*HWJT«, KToi5i:i/T, 0 2^$nTVi5«jt (lit, 

BP'S, "ra«H£bT, & 1 *MJi*5«fctf£W»i&£©« 

^bfcd^ ±^SiiLT, Slfc|B«b&#«£»3£W*r*Mo/Z r± 
%mUl 7 »^bfc^<h, M^Deep R I ECiDM^Wk'T^V 

mi o\z&kt, m^mmmm3 o on. mmmmm&m? 4 j^z- 3 io, s 
mmnwki£my4)\'?-3 3 0Rtf9 o 3 5 o 

20 IUEf7 >fM-3 10 CD— 2fSStta&«#- h 3 0 2 tgi$tlT* 0 , Steffi 
fSISSJBE*:7>f — 3 3 0 CD— TjSSte^lf h 3 0 4 tJSIfcSnwS. Steffi 

?tmi£«7^;i/^-3 i oms^mmnmsMy 4 )v^-z 3 ocd^7j««9 0^ 

ffiffifi^S3 5 0 ^tTM^ffi^- h ^ UT©7>Tt^- b 3 0 6 
nw*. 9 0MfflI^3 5 0«, 7>rt^-h3 0 6, Mteffi 

25 sh»e*:7^;i^-3 1 0Rrxsfliffl»»EE«7-f ;w^-3 3 o <h, tn^nmm 

StlT^S. Mte^- h 3 0 2 ttfi|fl||ElKfcSM«*n, gte^- h 3 0 4te^teHI 
KfcjSaWl^n, 7>rt#-h 3 0 6}i7>ftANTi:^I$n§. Mteffiffil 
JEt7^M-3 1 0R^iffli^BEi7^M-3 3 0 tt, f77t©fi§ 
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#£J609©*&iBD 1 /D 0 o. eiotb^D 1/D ocitt 

5 O0fc»O. 18-0. 3 0*girtT*ofc. ^T©tf7*— JK^ilS© 

^-/N°— S^±II^LT8 0 — 1 0 0° 0fg|SftTa&ofco 

15 OT&ofco 

Sfefcm M^OT#§§^«^f 5±IBO^ J fMHIK«fc0^S 

20 11.12] 

m\zM]$i>, mi\zmmi<rcttm.£m-2%:mTz>p t/T \ ^tmw/a i/n i 

25 ^^j:2.TWl5«Uc^i, P t /T i £7cttW/A 1 /N i TSBmffi 
1 5£Jgj£bfc*6»#«l 3_hfc, R h D >XA°7^-S^fcTOftR 

PZT (Pb (Zr, Ti) O, ) JE«#l»tt*fcttA 1 Nffi«#liK*^J«bfc 
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, ^MISIg&iD^^^mffim^^^-^M^feo ^WdOMIBD 1/D0 

5 ^$nfePD^^*tem^^t-^ViTfejt^Dl/DO©{jt«0. 18~0 
Mfc*fbT8 0—1 0 0° (T^OTftT&ofco 

10 ^l^To 

[»1 3] 

20 ^mmmxte, £it<d&o\zvx, mi\zm^nx^^>mm.(Dmm&my^)v^ 
ipis, T^mmthx. Nb&mm mmm) > pt^n mm) 

f§W-MoWP t/NbT%mmi 5&ftm\sfcZ£, ^©W-MoM/ 
25 P t/NbTg&Ml 5£^J&bfc,1«#:JIl 3_ht, SMRFY^hD>^ 

A°^^-?*^d;D, %ki\ztm.<D3kwx\ ^2\zmm^m^(Dmt7)v^^K 

-^b^U^A^@^# (Al,. x Ga x N) l*JR*^Ufc2: ±8B*ffi£LT 
z\t, *^Deep R I E OM^ns tfT*— ;P©¥i5^#fc:2£^#^ 
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5 Snfcl»»3'&'5»iaE«^«^^T'blt*Dl/DO©ffittO. 18-0. 3 
*f-LT8 0-1 0 0° (DlSffll^-efeofeo 

10 mite^To 

-if- Steffi i/r, n»J3^m^^, =Bi : fSisiK<fct)^s±fHSHgjEE«7w > ;i/ 

20 ^>7HS9(:f*tt*«ktf7^M--iat««tt*St. 0 6A33J:tfEI6B 
«j|6) <h0 7A&J;OT7B tSJfcflrT* <fc 5 fc> 

«©H7 ATtt*fijaift«kr-^ 3 1 tEi&mmfcm3 2 <h©p^#<©Ma&t: 0 
-^*^ts©^tx, mmm 6 ©m 6 ath #sws«fce-£ 3 1 ts* 

25 CXm7B^bfe^^;U^— a^^itSrJt^TSi^^i^fc, gi|»!J6© 
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5 gmmtisT, \zmmis tcB-z&^-t&p t±gp«si 7«tfe^t, jee 

-^MbTCo ^iS^lOtatBD 1/D Ote, 0. 2 0T^fc, £©J£5$sDl/ 
it^D 1/D 0©{ite:0. 1 8~0. 3 ©$S[Si*n?&o Site, ±T<D¥Tft— 

15 ;i^-k^t, mmmitmrnz. AiNiWMiiL fNffi^£ 

^ 1 fc^t. 

25 [JfcKflll] 
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/N iTSBttSl 5§MtfcCt, JKDMo-ReWN iTOTMl 5 

^ i fci3«bfeitK tm £ ^wr &m o - r e ±^nm 1 7 ^^u^ ;l 

f^llfc, 2^tb^#»l<DHufaE> l/DOd 0. 55^ofc, CCDJWDl/DO 
Dl/D0©ttt0. 5~0. 6<£>$5HftT&ofc«> 

©S^HIS^ e fcO^^MJBEm^^;^-i-^ViT, 3feJfi«3tR*fc, AlNi 
[Jt«5W2, 3] 

BP'S, fSftK-fbfeJCd; D , Jf^3OO/im0 (100) Si*«12©±TM®tC 
25 , 0 /im©S i 0 2 1^ 1 1 0 OtTMtfct, ±IffiOS i 0 2 10 

*Sl»;f>^bT, ±@<7)S i 0 2 SOJSS&SifiU S i 0 2 ^£>J&9, ^1 
^IB^CDff ^ffiSrWT^M^M 1 3£^/&bfco 1 3©±®K:> D 

C7^hD>^>^-fefc«fc!3, ^1 fcfB«©fB*Ji#«fc ©IS 
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T i S&ttAu/T ifrt>t£2>T®mmi 5SMlfc. T^tll 5 ©£#8B 1 

o^jrji^ dio) mmm. m^-m^mv^nt\txmmmmmz^om 

A 1 NJEE«#»JK*fcttZ nOEE«#*JWE*^fiJcbfc. fft»tt&«flibfcfi*Xy 

CiDZnOl^ — >ffcl/T, A 1 Ni;fc«Z n O «fc 

10 tMl6MUfeo 

D C7^4 D >X/1 y ^-S^: 'J 7 h t7SM UT, ^ 1 \ZBM 

SI 7©3£#SB1 7 ate, TSB«tt£#a&l 5aC»§fiIHSf Lfc, 
15 U±<D£5\ZUX. T^nmi 5, ±SB«S1 7:fc<fctfJE1Hfci«l 6 

SJEE«8UB*iS# 1 4*^bfcS illl 2 ©TffifcJ&fcSftfcff £ 1 . 0/im 
©Si0 2 7th'J7^77^-(I [ fc0/^->MbT, M^X-/^>^ 

Silfil 2©_bM{C^bfcffi««jl«jfi#l 4^7°n 
b77^7TtSU TMJC^bfcS i0 2 T7^£fflV>T, ^777A 
20 2 3te*#Jft-rSS iltl 2 0^*inf»bfcKOH7?X5/^>^l^5feb, ffiBfci 
?5:§h7*-;V2 2^lfe. ^777A0¥I«1 50/im 

X 1 5 0 AimS-fetel 6 0 AimX 1 6 0 ^m|if^Ta& 0 , S«*®0WPSB0^® 
rffe&*5 7 5 /tmX 5 7 5 <im*fcli5 8 5 fimX 5 8 5 # m<Dtf 7>fr— ;P 2 2^ 

#e>nfe. #j£»!i©fufeD i/dou t2nstfc^r)^^ c:©j«d 

25 1/DOOfH ^W^im^m^Wt^JK^nfcBIO^^SEJBIffiS^lgS^^ 

TfeJt^D 1/DOOtttO. 7~0. ScDtgfflfiT&^fc. 

±IH(DXSfc J:oT*Ijt$nfc, El 8 A^LZSm 8 B ©#jt<D^MHFS»<k 
IiEi7^M-}^^T, 2ttt0y3£|5lttlC, AlNilCiSttSlfibfc 
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10 [Jfc«W4] 

— (Dftm*. fflfSBD 1 /D 0 # 0 . 0 9 5 t^Scfc'SJC, f»7c= 

15 o/Au/ZrTItI15^Ml/fcut, ±§B»S£L<T, SlfcJBifeb&ff 
20 Xib-r^^^^tB^^ofeo Z.<Dtctb, FBARSfctt7^M-tbT©ttt 

25 mm±©fiJffl "ST^tt : 

>m§Deep RIE (W!3lS^t>Xy5 L >^) 

BB £ & 5 ©~Rc&£ £«8B# £ *K©TMIrt> £> ^7? « ^ iibT, P*l 
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^iKtttTt, fijfxs^T, nmrnmrn^^^m^n^m. (q) <z>m 
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mm. mzmmis nfciD^5 2^ (Dmm&m^m^s(D mib^-t t ? ? a <d & 

15 di/do^o. i~o. 5^&&<}>f£<t&im<DMtmmf£m#M%s&m-rz> 
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